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Background  
Aspergillus fumigatus, a globally distributed opportunistic pathogen, is the main cause of invasive 
aspergillosis, especially in immunocompromised patients with high mortality. The emergence of azole-
resistant A. fumigatus isolates has been a significant concern worldwide and an important clinical problem. 
 
Objectives  
We aim to determine the presence of variants in a large collection of clinical A. fumigatus isolates from the 
Netherlands, if the number of variants increased over time and if the presence of additional short 
nucleotide polymorphisms (SNPs) or tandem repeats (TR) variations impacted on the triazole phenotype. 
 
Methods 
 The Radboud University Medical Center has collected 11,813 clinical A. fumigatus isolates since 1994. The 
collection includes isolates cultured from patients admitted to our own center, isolates sent from other 
hospitals for identification and in vitro susceptibility testing, and isolates sent from five university medical 
centers and five teaching hospitals that contribute to the national Aspergillus resistance surveillance.  The 
genotypes were detected by Cyp51A Sanger sequencing. All isolates were subjected to In vitro susceptibility 
testing using the EUCAST microdilution reference method. Minimal inhibitory concentrations (MICs) were 
determined for itraconazole, voriconazole, posaconazole, in all isolates and for isavuconazole in isolates 
cultured in 2015 and thereafter.  
 
Results  
In total, 1826 A. fumigatus isolates harbored azole-resistant mutations in the Cyp51A-gene with 92 
genotypes. Tandem Repeat-associated resistance genotypes accounted for 55.43% of the variants and were 
involved in 1728 isolates (94.63%). TR34/L98H and TR46/Y121F/T289A resistance mutations remained 
dominant, and increasingly additional SNPs in the Cyp51A-gene or changes to the gene promoter were 
observed. The G448S mutation was relatively common and present in various genetic backgrounds. This SNP 
was most often found in isolates harboring the TR46 resistance mechanism (8 variants) and was also 
observed in two variants in the TR34 genetic background. TR34 and TR46 resistance mutations are 
associated with1170 (64.07%) isolates that exhibited a pan-azole resistance phenotype, 547 (29.96%) a 
multi-azole resistance phenotype, and 75 (4.11%) resistance to a single azole. TR34/L98H confers high 
itraconazole resistance, while T289A confers high voriconazole resistance in the TR46 background. Isolates 
with a G448S point mutation show high MICs for both voriconazole and itraconazole. The 
TR34/L98H/T289A/G448S isolate showed low itraconazole MICs but high voriconazole resistance, and 
mutations in the promoter region, TR34/C-86G/L98H and (T-66G)/TR34/L98H variants, showed an increased 
voriconazole and isavuconazole MIC compared with the parent phenotype.  
TR46/Y121F/M172I/T289A/G448S variant was observed with an increase Itraconazole (GM MIC 16 mg/L, 1-
>16 mg/L) and a decrease Voriconazole (GM MIC 18.664 mg/L, 4->16mg/L) compared with the parent MIC 
of TR46/Y121F/T289A, while TR92/Y121F/M172I/T289A/G448S and TR46/Y121F/T289A/G448S variants 
showed the consistent MIC distribution with parent genotype. The variants with more combination 
mutations showed pan-azole resistance with increased MIC distribution. 
 



Conclusion 
Our survey showed a significant increase of resistance genotypes in clinical A. fumigatus over a period of 28 
years. Azoles resistance phenotypes vary from resistant variants in clinical isolates; it is an implication for 
clinical A. fumigatus  infection treatment options and antifungal stewardship. 
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Objectives 
Cat-transmitted sporotrichosis (CTS), caused by Sporothrix brasiliensis, is an emerging fungal disease that 
has become a major public health concern in Brazil. Transmission of CTS usually occurs through the 
implantation (e.g., scratches or bites) of infectious yeast from feline Sporothrix lesions. Recent reports on 
transmission events have suggested that Sporothrix brasiliensis might be transmitted through feline 
respiratory droplets created while sneezing. The aim of our study is to determine whether infectious 
respiratory secretions are expelled when cats with sporotrichosis sneeze.  
 
Methods 
We collected respiratory secretions expelled while sneezing from 28 cats diagnosed with sporotrichosis. We 
placed a Mycosel agar plate, a fungal culture medium, in front of the animals’ nostrils and used a nasal swab 
to stimulate sneezing (Figure 1). Samples were incubated at 28-30°C for four weeks in the Mycology 
laboratory of Hospital de Clinicas. Molecular identification of the isolates was performed by sequencing the 
calmodulin gene. The infected cats enrolled in the study were subsequently treated at the School Veterinary 
Clinic of the Pontifical Catholic University of Paraná, a referral hospital for the treatment of feline 
sporotrichosis. 
 
Results 
Out of the 28 respiratory samples collected, 20 (70%) had evidence of fungal growth morphologically 
consistent with Sporothrix. Sequencing of all isolates identified Sporothrix brasiliensis (Figure 2).  
 
Conclusion 
We identified a possible novel route of transmission of Sporothrix spp. through infectious feline respiratory 
secretions expelled during sneezing. The respiratory droplets created by a sneeze could contain viable 
Sporothrix yeast that could infect humans and other animals after mucosal exposure.  One Health partners 
and collaborators such as veterinarians, physicians, health authorities, epidemiologists, and fungal disease 
researchers should be made aware of the potential spread of Sporothrix through respiratory droplets and 
sneezing to prevent and control the further spread of CTS.To prevent cat-to-human transmission of 
Sporothrix brasiliensis, personal protective equipment (PPE) should be worn while handling a cat with 
suspected sporotrichosis. Veterinarians, veterinary clinic employees, students, and pet shop owners are at 
increased risk due to their professions. Veterinary care frequently involves procedures that encourage 
respiratory droplets (e.g., nasal swabs); restraint and other close contact may directly expose staff to 
infectious secretions. Because this study identified viable yeast in respiratory droplets from sneezing, 
decontamination and disinfection of exposed surfaces is increasingly important, as surfaces and objects can 
serve as fomites for Sporothrix. Physicians who diagnose and treat human cases of sporotrichosis should be 
aware of this new transmission method to improve clinical suspicion, diagnosis, and treatment for 
sporotrichosis. Approximately half of human patients with conjunctival sporotrichosis did not report 
experiencing traumatic injury from cats; mucosal exposure to infectious yeast is a likely alternative 
transmission method.  
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Objective 
Mycetoma is an infectious tropical disease characterized by painless subcutaneous masses and sinuses on 
the skin discharging the causative organism. In vivo, these organisms are present in form of granules and 
might differ in size, color, and shape. The presence of the granules in the histology or a discharge is 
distinctive for mycetoma, recognizing it from other subcutaneous diseases. With the large diversity of 
species that can cause mycetoma, the ability of grain formation seems not unique. Not surprising that both 
fungi (eumycetoma) and bacteria (eumycetoma) can cause mycetoma. Within the fungal kingdom, agents of 
eumycetoma are distributed in several orders. These include Chaetothyriales, Sordariales, Pleosporales, 
Hypocreales, Calosphaeriales, Diaporthales, and Eurotiales. 
 
Method  
By applying a phylogenetic approach, we propose here a new and simple scheme for the identification of 
eumycetoma causative agents. Since the disease is endemic in low-income countries, this approach can 
assist in the preliminary identification of the pathogen and to initiate antifungal therapy. In some 
circumstances, molecular methods might be the only possible way to the identification. The approach 
identifies when and where such methods are needed depending on the endemicity of the species. 
 
Conclusion 
With the increasing application of molecular tools in medical mycology, we expect to identify more 
pathogens that can cause the disease. A prediction model combined with our identification approach 
identifies the possible phylogenetic affiliation of the expected future pathogens. 
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Background 
Candidiasis is one of the most frequent opportunistic infections in immunosuppressed and/or hospitalized 
patients. In countries like Colombia, candidiasis is associated with a mortality rate of ~46%. Growing 
pharmacological resistance of Candida spp., and the appearance of the emerging pathogen Candida auris, 
have turned candidiasis into a major public health problem. Different types of antimicrobial peptides have 
been investigated as a therapeutic alternative to control candidiasis effectively and safely.  
 
Objective 
This work aimed at evaluating the in vitro antifungal activity of three synthetic antimicrobial peptides 
(35409, 1609 and 29009) obtained from Plasmodium falciparum Rif1 protein against Candida auris, Candida 
albicans, Candida glabrata, Candida parapsilosis, Candida krusei and Candida tropicalis, species with 
worldwide clinical importance.  
 
Methods 
The minimum inhibitory concentrations (MIC) of the three peptides against Candida species were 
determined by the plate microdilution method; the peptides’ effect on biofilm formation in C. auris and C. 
albicans species was also evaluated through the XTT metabolic activity assay. Additionally, the structural 
damages in C. auris and C. albicans caused by the action of the peptides were observed by transmission 
electron microscopy (TEM) and finally, the in vitro peptides’ cytotoxicity against L929 murine fibroblasts was 
verified.  
 
Results 
Our findings showed that the three peptides herein evaluated, displayed antifungal activity in both 
planktonic and sessile Candida cells. Likewise, the TEM evidenced morphological alterations induced by the 
peptides, both in the membrane and at the intracellular level of the yeasts. As well, total safety against the 
murine cell line L929 with 24 hours of treatment was observed.  
 
Conclusions 
From these results, we conclude that the antimicrobial peptides 35409, 1609 and 29009 are potential 
therapeutic alternatives against the most important Candida species in Colombia and the world. 
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Objectives 
Chronic pulmonary aspergillosis (CPA) commonly affects post-tuberculosis (TB) patients. However, the 
existence of this slowly destructive disease also increasingly being reported in patients with active TB. The 
study aimed to identify the clinical, radiological and serological characteristics of probable CPA patients 
between proven TB with GeneXpert positive and clinically diagnosed TB (GeneXpert negative) in early TB 
therapy.  
 
Methods 
All patients were on anti-tuberculous therapy in the early phase (0-2 months). Clinical profiles and radiology 
findings were collected from hospitals in Jakarta and Depok, Indonesia. Aspergillus antibodies were 
measured using Immulite automated ELISA. Sputum were tested for TB with GeneXpert MTB/RIF assay.  
 
Result 
A total of 70 patients with median age 37 years old were studied. Overall, 29% (n=20) met the criteria for 
proven or probable CPA. The rate of CPA in GeneXpert positive was 50%, whereas it was only 14% in 
GeneXpert negative patients (p=0.001). Most of CPA patients had GeneXpert result intermediate (n=7, 
35%). Four of them (6%) had high load of TB proven by GeneXpert. Cough was the most common symptoms 
in GeneXpert positive groups (n=11, 39%). Fatigue was frequently founded in GeneXpert negative groups 
(n=8, 19%). The proportion of cavities (90% vs 44%), paracavitary fibrosis (70% vs 26%) and pleural 
thickening (60% vs 24%) were significantly higher in CPA patients.  The median score of Aspergillus antibody 
in non-CPA patients was lower (7.7, range 3.1-15.2 mg/L) compare with CPA patients (11.9, range 4.3-344 
mg/L) (p=0.024).  
 
Conclusion 
Aspergillus spp is a fatal fungal pathogen that might cause co-infection in active TB patients. The 
measurement of Aspergillus antibodies is a hallmark for diagnosis of CPA. The coexistence of CPA in active 
TB patients is underdiagnosed.  
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Objectives 
Valley fever (coccidioidomycosis) is an endemic pneumonia of the North and South American deserts, and is 
responsible for up to 30% of community-acquired pneumonias in endemic and highly populated areas of the 
US desert southwest. The causative agents of Valley fever are the dimorphic fungi Coccidioides immitis and 
C. posadasii, which grow as mycelia in the environment and spherules within the lungs of vulnerable hosts. 
The current diagnostics for Valley fever are severely lacking due to poor sensitivity and invasiveness, 
contributing to a 23-day median time-to-diagnosis. There is a critical need for novel diagnostics for 
detecting and identifying Valley fever lung infections. Our long-term goal is to develop a breath-based 
diagnostic for coccidioidomycosis lung infections. Our current objective is to identify and validate volatile 
biomarkers of C. immitis and C. posadasii infections via metabolomics analyses of in vitro cultures, mouse 
model lung infections, and lung specimens from humans with Valley fever. Thus far we have characterized 
the volatile organic compounds (VOCs) produced by C. immitis and C. posadasii in vitro and evaluated the 
relationship of the volatile metabolomes to lifecycle, and we have investigated the VOC profiles of 
bronchoalveolar lavage fluid (BALF) samples from mouse model lung infections of Valley fever. 
 
Methods 
For in vitro analyses, six strains each of C. immitis and C. posadasii were cultured in triplicate to induce 
mycelial or spherule formation. For mouse model infections, female C57BL/6 mice were infected by 
intranasal inoculation with C. immitis RS (n = 6), C. posadasii Silveira (n = 6), or vehicle control (n = 4), and 
BALF fluid was collected 10 days post-infection. The in vitro spent media and BALF sample VOCs were 
analyzed by headspace solid-phase microextraction and comprehensive two-dimensional gas 
chromatography–time-of-flight mass spectrometry (SPME-GC×GC-TOFMS). The BALF samples were analyzed 
for cytokines using a mouse magnetic 26-Plex ProcartaPlexTM panel and mouse spleen and brain were 
quantified for fungal dissemination. Data analysis: Hierarchical clustering analysis (HCA), principal 
component analysis (PCA) and Kendall correlation were performed on volatile and cytokine data.  
 
Results 
We detected a total of 353 VOCs that were at least two-fold more abundant in a Coccidioides cultures 
versus medium controls and found the volatile metabolome of Coccidioides is more dependent on lifecycle 
(mycelia vs. spherule) than species (Figure 1). The BALF samples indicate that lung infection VOCs are 
correlated to cytokine production (Figure 2) and classify mice based on their individual level of infection. We 
did not observe any separation between the C. immitis and C. posadasii infected mice by their BALF VOCs 
via PCA; however, separation of these classes was observed by PCA of the cytokines.  
 
Conclusions 
Our pilot data indicate that Coccidioides spp. and the host produce volatile metabolites that may yield 
biomarkers for a Valley fever breath test. We have collected BALF and sputum from human patients with 
community-acquired pneumonia, and the next steps will be to determine which Valley fever biomarkers can 
differentiate between bacterial and fungal etiologies of disease. 



Figure 1  

 
Figure 2  
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Background 
The purpose of the study is to assess the etiology detection ability of Metagenomic NextGeneration 
Sequencing (mNGS) on formalin fixation and paraffin embedding (FFPE) tissue from postoperative biopsy 
specimens. 
Methods: We prospectively enrolled specimens from patients undergone surgery biopsy due to undefinite 
diagnosis and pathologically indicated granulomatous lesions. FFPE tissues were tested by mNGS and 
histopathology. The etiology detection rate of mNGS was calculated and compared with histopathology. 
Results 
Among the 69 cases eventually included, 41 (59.42%) were diagnosed with infectious granuloma. The 
overall fungi and mycobacteria etiology detection rates of mNGS in granuloma lesions was 87.80% (36/41). 
The mNGS increased the detection rate by 68.29% (28/41) compared with histopathology, the difference 
was statistically significant (χ2 = 28.97, P = 0.00). The detection rates of mNGS in fungal infections 
(12/12,100%) and in mycobacterium infections (22/27, 81.48%) were significant higher than those of 
histopathology (8/12, 66.67% and 0/27, 0.00%; both P = 0.00). Two (2/2.100%) cases of coinfection were 
detected at one time by mNGS. All mNGS-based clinical decisions were made within 2 days. 
Conclusions 
The mNGS could accurately and quickly detect fungi and mycobacteria in FFPE specimens  from 
postoperative granuloma specimens and identify the pathogens to the species level.
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Objectives 
Sporotrichosis is a neglected endemic implantation (subcutaneous)  mycosis caused by different species of 
Sporothrix spp. Since the 1990s, cat-transmitted sporotrichosis (CTS) by Sporothrix brasiliensis has emerged 
as an important zoonosis in Brazil, being a public health issue. The disease continues to spread in the 
country and in neighboring countries. Therefore, the aim of the study is the validation of a fast and accurate 
test by Lateral Flow Assay (LFA) for serodiagnosis of CTS using human sera.  
 
Methods 
The anti-Sporothrix LFA  was developed and provided by IMMY (Oklahoma, USA), and obtained via ConA 
purification of culture filtrate, composed by a 50:50 mix of S. schenkii (ATCC 58251) and S. brasiliensis 
(ATCC-MYA 4824). The control line was a goat anti-human IgG/IgM. The gold conjugate was a blend of 
proteins G and L. The strip uses a conjugate pad, nitrocellulose membrane, absorbent pad. A prospective 
cross-sectional study was performed with 300 human sera specimens divided into three groups: Group 1 
(n=100)– patients with proven or probable diagnosis of CTS based on Guide to Health Surveillance from 
Ministry of Health Brazil ; Group 2 (n=100)– patients with other mycoses (implantation, systemic or 
opportunistic infections) confirmed in the laboratory by direct examination and/or culture and/or 
serological tests; Group 3 (n=100)– asymptomatic volunteers (Figure 1). Specimens were collected between 
November 2018 and March 2021 at the Mycology Laboratory of the Clinical Hospital Complex of the Federal 
University of Paraná, Curitiba, Brazil. The sera was diluted 1:441 with specimen diluent, 100 µL of the 
diluition dispensed into into a flat bottom well, inserted strip and incubated at room temperature (15-25°C) 
for 30 minutes.  A visual read of the strips was done, this read was performed by two operators, within 10 
minutes after time of incubation. This study was approved by the Research Ethics Committee under 
registration CAAE 12379819.4.0000.0096. Data analysis was performed using MedCalc software.  Results: 
Using the IMMY’s anti-Sporothrix detection antibody LFA, we observed a global sensitivity of 83% (95% 
confidence interval [CI] 74%-90%), an specificity of 82% (95% CI 76%-87%), positive predictive value of 69% 
(95% CI 62%-75%), negative predictive value of 90% (95% CI 85%-93%), and an accuracy of 82% (77-86%). 
The results by clinical form and cross-reactivity analysis can be seen in Table 1.  
 
Conclusion 
These findings suggest that IMMY’s anti-Sporothrix detection antibody LFA prototype is promising, can be a 
useful diagnostic tool for the diagnosis of CTS in human specimens and can be used for the qualitative 
detection of serum antibodies against Sporothrix spp. Like other rapid tests, this LFA is faster and simpler to 
perform in comparison with other conventional laboratory assays for the diagnosis of sporotrichosis. This 
test can improve the evidence level of diagnosis of probable disease. Rapid detection of CTS reduces the 
morbimortality of the disease, and consequently the time of therapy. It could have an impact on the 
outbreaks control. 
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Objective 
The main objective of this study was to design and develop a detection system based on qRT-PCR that can 
quickly and accurately identify the pathogenic fungi of tinea capitis, in order to improve the diagnostic 
ability of tinea capitis. 
 
Methods 
1. A total of 8 isolates of Microsporum spp., 29 isolates of Trichophyton spp., 3 isolates of Nannizzia gypsea, 

6 isolates of non-dermatophytic filamentous fungi，Malassezia spp. and Candida spp. were included in this 

study. 
2. Primer Express Software (V3.0) was used to design specific primers and TaqMan probe for qRT-PCR assay. 
The specificity of each system was validated using above fungal isolates. The standard curve of each system 
was constructed by using DNA of standard substance of fungal isolates to find the minimum detection. 
3. The clinical specimens from confirmed and suspected patients with tinea capitis were collected. Fungal 
DNA was extracted from clinical samples and detected by a two-step qRT-PCR system. The results of qRT-
PCR were analyzed comprehensively and compared with fungal microscope and fungal culture. 
4. As a supplementary interpretation, the next generation sequencing targeted amplicon was conducted in 
14 clinical samples that generated objectional results between fungal culture and qRT-PCR. 
 
Results 
1. The molecular diagnostic system for tinea capitis herein was consist of seven single-tube qRT-PCR assays 
designed on the complex and species level, which including the group of M. canis complex, the group of T. 
rubrum complex, the group of T. mentagrophytes complex, the group of T. tonsurans, the group of T. 
schoenleinii, the group of T. verrucosum, the group of N. gypsea. The analytical specificity of each group 
meets the design expectation. 
2. The minimum detection limit of the M. canis complex group, T. rubrum complex group, T. schoenleinii 
group and N. gypsea group was 100 Colony Forming Units (CFUs), the counterpart of which for T. 
mentagrophytes complex group, T. tonsurans and T. verrucosum was 10 CFUs. 
3. A total of 351 clinical specimens were collected, including 231 cases confirmed of tinea capitis, 100 
suspected of tinea capitis and 20 with non-tinea capitis. Positive fungal microscopy and/or fungal culture 
were the gold criteria for diagnosis. Compared with the diagnostic gold standard, the sensitivity and efficacy 

of qRT-PCR，the combination of qRT-PCR and fungal microscopy, the combination of qRT-PCR and fungal 

culture was 93.1% and 93.6%,100% and 100%, 96.1% and 96.4%，respectively. The diagnostic specificity for 

cases of non-tinea capitis was 100%. The coincidence rate between qRT-PCR and fungal culture was 95.16%. 
The positive rate of qRT-PCR in suspected cases was 48%. 
4. Amplification sequencing results confirmed that dermatophytes were existed in 13 of 14 samples. 
Consistent with qRT-PCR, there were two species of dermatophytes mixed infection in 4 samples.  
 
Conclusions 
The seven single-tube qRT-PCR assays validated in this study can rapidly detect a variety of pathogenic fungi 
causing tinea capitis, with a high level of sensitivity and specificity. The combination of qRT-PCR and 
traditional mycological identification methods can further improve the diagnostic efficacy of tinea capitis.
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Objectives 
Aspergillus-related disease was confirmed to be associated with immune disorders in patients, severe 
patients with severe fever with thrombocytopenia syndrome (SFTS) infected by novel phlebovirus were 
confirmed to have severe immune damage including cellular immunosuppression and cytokine storms. 
Secondary invasive pulmonary aspergillosis (IPA) in severe SFTS patients can increase fatality rate. This study 
investigated early-warning predictive factors of secondary IPA in severe SFTS patients to reduce mortality. 
Methods. Receiver operating characteristic analysis was used to assess the value of immune parameters to 
predict IPA in SFTS patients. High risk factors of IPA in severe SFTS patients were studied by univariate 
analysis and multiple logistic regression analysis in 76 patients. Survival analysis was applied using the Log-
rank (Mantel-Cox) test.  
 
Results 
The mortality in the IPA group was significantly higher than in the non-IPA group (53.3% vs 17.4%, p=0.001). 
The cut-off values of CD4+ and CD8+ T-cell counts to predict IPA were 68 and 111 cells/mm3, with 
sensitivities of 82.6% and 72%, and specificities of 56.7% and 83.3%, respectively. Cut-off values of IL-6, TNF-
α, IL-8, and IL-10 to predict IPA incidence in critically ill SFTS patients were 99 pg/mL, 63 pg/mL, 120 pg/mL, 
and 111 pg/mL, with sensitivities of 90.0%, 86.7%, 83.3% and 90.0% and specificities of 80.4%, 71.7%, 82.6% 
and 65.2%, respectively. Lower CD4+ and CD8+ T-cells counts, higher levels of IL-6, TNF-α, IL-8 and IL-10, 
higher incidence of pancreatic and renal damage, early antibacterial therapy of carbapenems, and intensive 
care unit admission were risk factors of IPA in SFTS patients. Multivariate logistic regression analysis 
indicated counts of CD4+ T-cells <68 cells/mm3 combined with CD8+ T-cells <111 cells/mm3 (odds ratio 
[OR] 0.218, 95% confidence interval [CI] 0.059–0.803, p=0.022), IL-6 >99 pg/ml combined with IL-10 >111 
pg/ml (OR 17.614, 95% CI 2.319–133.769, p=0.006), and brain natriuretic peptide level >500 pg/ml (OR 
13.681, 95% CI 1.994–93.871, p=0.008) were independent risk factors for IPA in SFTS patients. The mortality 
in the IPA group was significantly higher than that in the non-IPA group (p=0.001) Early antifungal treatment 
of IPA patients was significantly associated with improved survival (log-rank, p=0.022).  
 
Conclusions 
Early diagnosis of IPA and antifungal treatment can improve the prognosis of SFTS patients. Besides, we 
speculate SFTS may be as a host factor for IPA.  



 

O3.1 Pan-Genome Analysis Reveals The Molecular Targets of 
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Mucoralean fungi offer various pathogens to cause mucormycosis, especially in immunodeficient patients. 
Over the past decades, both the morbidity and mortality of mucormycosis have increased rapidly, 
particularly in developing countries. Nowadays, mucormycosis more often happens in India for the COVID-
19 pandemic and its backward diagnostic techniques. Our epidemiologic outcomes show several 
identifications of Mucoralean fungi are limited to genus, while Rhizopus species, Mucor species and 
Lichtheimia species have high proportions. To find more molecular targets to make rapid and accurate 
identifications of Mucorales genus and species, Pan-genome analysis and Phylogenetic tree are conducted 
with four Mucorales isolates we sequenced and 43 fungi from NCBI. A few Mucorales-specific genes have 
been found such as STE/STE20 protein kinase, GH36 and sel1 repeat protein. Mucorales genus-specific 
genes are also found in Lichtheimia species and Cunninghamella species, which covered cellular structure, 
biochemistry metabolism, molecular processing, and signal transduction. Reported proteins related to the 
virulence of Mucorales species were run with Orthofinder and 112092, cotH3, gcn4 and igp1 have shown 
the potential to be the direct identification as well as the virulence detection of Mucorales species. The 
molecular biological techniques need to be promoted, for which our study provide hypothesis and feasibility 
analysis.



 

O3.2 Pentraxin-3 interacts with Aspergillus fumigatus conidia to regulate 
pro-inflammatory cytokine production 
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Objectives 
Long pentraxin-3 (PTX3) is a soluble pattern-recognition receptor secreted by phagocytes and non-immune 
cells at sites of inflammation. It has been reported to have a nonredundant role in the immune response 
against Aspergillus fumigatus. Indeed, PTX3 knock-out mice show an increased susceptibility to invasive 
pulmonary aspergillosis (IPA) with a higher mortality rate. In humans, PTX3 genetic deficiency or single 
nucleotide polymorphism has also been associated to an increased risk of IPA. However, the way in which 
PTX3 interacts with A. fumigatus and its mechanism of action has yet to be elucidated. The aim of the study 
was to investigate potential A. fumigatus ligands for PTX3 and the impact of A. fumigatus opsonisation by 
PTX3 on modulating the immune response.  
 
Methods 
A. fumigatus conidia, the infective morphotype, were incubated with PTX3 with or without human serum, 
stained with anti-PTX3 antibody and studied by immunofluorescence. Identification of potential fungal 
ligands for PTX3 was performed by ELISA. Fixed conidia and germinated conidia were opsonized with 
different serum factors and co-incubated with human monocyte derived macrophages (hMDM) for 24 hours 
at 37 °C. Culture supernatants were collected, and pro-/anti-inflammatory cytokines were measured by 
sandwich ELISA.  
 
Results 
PTX3 did not bind A. fumigatus conidia directly but in the presence of human serum, purified collectins 
(surfactant protein D (SP-D) or C1q) and complement products (C3b). Pre-opsonization of conidia with these 
complement proteins or SP-D stimulated proinflammatory cytokine secretion by hMDM upon interaction 
(Figure 1A). In contrast, secondary opsonization of complement proteins or SP-D opsonized conidia with 
PTX3 significantly reduced pro-inflammatory cytokines and increased anti-inflammatory cytokine secretion 
from hMDM. PTX3 opsonized PFA-fixed germinating conidia significantly reduced pro-inflammatory 
cytokine and increased anti-infammatory cytokines secretion from hMDM (Figure 1B).  
 
Conclusion 
PTX3 is an acute phase protein expressed in response to pro-inflammatory stimuli during infection and that 
is increased in bronchoalveolar lavage of patients with aspergillosis. Our recent data with A. fumigatus 
suggest that PTX3 is an immunoregulatory protein that reduces pro-inflammatory response. Although an 
inflammatory response is necessary to fight against fungal pathogens, the tissue damage associated with 
enhanced inflammation can be deleterious and facilitate A. fumigatus infection.  
  



 



 

O3.3 A synthetic antifungal peptide mimic kills Candida albicans by 
targeting protein glycosylation and synergistically prevents infection 
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Fungal infections represent a serious burden on human health. Increasing numbers of susceptible hosts, a 
limited set of approved antifungal drugs which frequently trigger undesired side effects, and the emergence 
of resistant strains highlight the urgent demand for novel antifungal drug formulations. However, the 
biological similarity of human and fungal cells hampers the development of new antifungals which do not 
also harm humans. In nature, organisms in almost all domains of life produce antimicrobial peptides to 
combat microbial pathogens. Those peptides share certain characteristics, such as being short, amphiphilic 
molecules with a positive net charge.¹ 
 
We designed synthetic polyacrylamides which mimic the properties of naturally occurring antifungal 
peptides. These positively charged, amphiphilic polymers are advantageous over peptides because of their 
easy synthesis and stability against proteases. Initial structure activity relationship studies revealed an 
optimal cLogP (the calculated hydrophobicity of a molecule) around 1.5 to ensure activity against C. albicans 
and simultaneous biocompatibility with host cells.² Additionally, shorter polymers with a length of 20 
subunits were more effective than their longer versions.² In terms of their therapeutic index, certain 
compositions outperformed the broad-spectrum antifungal amphotericin B and were even effective against 
drug-resistant clinical isolates of C. albicans.² 
 
Candida albicans strains with known antifungal drug-resistance mutations were not affected in their 
susceptibility to the polymers. Therefore, investigations were carried out to elucidate the mode-of-action of 
the polymers. The transcriptome of C. albicans cells treated with subinhibitory concentrations of the 
polymers revealed an increased expression of genes involved in general stress response and an upregulation 
in protein processing in the endoplasmic reticulum, particularly glycosylation and degradation. These 
findings, together with electron microscopy observations, indicated damage to the mannoproteins in the 
cell wall of the fungus. Membrane damage was also observed utilising a C. albicans strain expressing GFP 
intracellularly.  
 
The in vitro therapeutic potential of the most promising polymer was tested in a human epithelial cell (HEC) 
model simulating C. albicans infection. The polymer alone was not able to prevent C. albicans infection of 
HECs. However, the combination of polymer with caspofungin or fluconazole showed very strong synergistic 
effects at otherwise non-inhibitory concentrations of the individual antifungals, successfully stopping fungal 
infection in vitro without damaging the HECs. 
 
These results underline the potential of synthetic polymers as an alternative treatment for fungal infections 
with low toxicity to human cells and a novel mode-of-action. 
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The pathogenicity of the dimorphic yeast Candida albicans is associated with filamentation, adhesion, 
invasion and production of the toxin candidalysin. However, there are certain clinical isolates and other 
Candida spp., that cause infection independent of filamentation or the production of candidalysin. 
Consequently, these strains and species are often non-damaging in vitro, this does not correlate with their 
potential to cause infection in patients. We hypothesize that specific host factors, which trigger 
pathogenicity, are absent in in vitro models, and thereby not reflecting the situation in the host.  
 
To determine the impact of albumin, the most abundant protein in the human body, vaginal epithelial cells 
were infected with different C. albicans strains and Candida species. Interestingly, after prolonged infection 
(45 h) albumin increased the damage potential, even in otherwise non-damaging and non-filamentous 
strains. This included deletion mutants deficient in filamentation, als3 adhesin/invasin, thigmotropism, or 
candidalysin production. Yet, the increased damage was likely not solely an effect of increased growth and 
nutrient competition between the fungus and epithelial cells. Reduced damage in presence of protease 
inhibitors and albumin hint toward the role of proteases in the utilization of albumin. Albumin enhanced C. 
albicans metabolism, by stimulating the utilization of various nitrogen sources. This metabolic adaption 
could explain the advantage and enhanced growth as a strain and species independent feature. 
 
Our data suggest that common host factors can impact C. albicans to cause damage independent of 
adhesion, invasion, filamentation and toxin production. Possibly, also other host-derived factors can drive 
the pathogenic potential of fungi through unresolved mechanisms.  
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Objectives 
To evaluate the general taxonomy and phylogeny of the order Onygenales using ecological, morphological 
and molecular data, stimulate awareness of correct identification of neglected groups in the order, and 
contribute to stabilization of the nomenclature. 
Methods: In total 97 genera, 385 species and 553 strains were analyzed in this study. The ITS, LSU, TUB, 
TEF3 and RP60S gene regions were amplified and sequenced. Sequences for the RPB1, RPB2 and TEF1 
regions were retrieved from the NCBI nucleotide database. Whole genome data for 53 strains was also 
included in phylogenetic tree analyses. Ecology and ascomata morphology for the type species were 
retrieved from the literature. Phylogenetic trees were constructed using the maximum likelihood methods 
implemented in IQ-TREE software and MRBAYES v3.2.7 on the CIPRES portal. Additionally, relative 
divergence time within Onygenales was estimated based on the RelTime method implemented in MEGA 7. 
 
Results 
A total of 1667 sequences for LSU (n=421), ITS (n=519), TUB (n=189), RP60S (n=123), TEF1 (n=119), TEF3 
(n=144), RPB1 (n=71) and RPB2 (n=97) were examined. The results of the combined data analysis yielded 14 
clades with ≥90% support for Bayesian probability and ≥80% support for maximum likelihood analyses. 
Families, based on their type genera and type species, were resolved as Ajellomycetaceae, 
Arthrodermataceae, Ascosphaeraceae, Eremascaceae, Gymnoascaceae, Onygenaceae and 
Spiromastigoidaceae (Figure 1). Two families were newly introduced as Malbrancheaceae and 
Neogymnomycetaceae. The family Nannizziopsidaceae clustered amidst members of Onygenaceae. The 
ecological preferences were classified as soil/oligotrophic, soil/keratinophilic, dung/agricultural, skin/nail, 
hair/feather, insect/pollen, osmotic habitats, systemic, plant and other/unknown (Figure 2). Almost all 
families in the order have members that can be found on skin and nails, which can cause asymptomatic or 
symptomatic infections, or members that are able to grow at 37°C and cause systemic infections. Four main 
types of ascomata morphology were noted: cleistothecium, gymnothecium, spore cyst and naked fruitbody. 
The results of RelTime analysis showed that the diversification of species in Onygenales occurred 103 Mya. 
The earliest species of the order were found in Gymnoascaceae, while the most recent species were found 
close to Arthrodermataceae. 
 
Conclusion 
Determination of the borderlines in the order can be difficult because of the effects of chosen methods, 
number of samples, number of genes and also choice of outgroups. Taxon sampling and inclusion of both 
type species and related genera in analyses are particularly essential to minimize changes and stabilize 
nomenclature for longer periods. Providing molecular data for the isolates and making them publicly 
available is also important to prevent taxonomic disagreements. Significant ecological traits that determine 
evolution in Onygenales are osmophily, thermophily, cellulolysis, eutrophism, oligotrophism, keratinolysis, 
and thermal dimorphism. Morphological and physiological characteristics may be informative for habitat 
choice and evolutionary processes. Cellulolytic and osmophilic abilities might be ancestral characteristics in 
Onygenales. Even though most of the species are found in soil and are non-pathogenic, environmental and 
host alterations can lead to the emergence of new fungal pathogens among soil fungi. Therefore, 
Onygenales continues to deserve close attention. 
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